
‘1’l]is  }J;I]NI  \’illi(iilt(’S  tllc ill((,~,iatc(l IIlo(lclillp, llIct}Ic)cl-

(I]()[I,Y  IIS(K1 foI (I(v+if,,ll  :Ilt(l IWl f(Ill II; llIc C (wllll:lti(lll of

C(JIIIIII(,X ojIto”  ]Il((llalli(:ll syh L(’II Is, ~ml(ic(ll:llly SII:I(C

IK)III( itli(ll(l(~lll(((’ls. ‘J’lIc  II I(tl  I()(l()l(I~,s  ill((fj,l [II(’s

S(lll(”t  Llliil  IIlo(l(’litlf’,, ol)ti(:ll lll(j(l(,litl~’,, all(i COII(](I1 sy>

{(,111 (I(v+i{l,ll ill(() a (0111111011”  (’ll\’ilolllil(lll, tII(’ lll((Ip,l:It((l

Mo(l(litl{’, of ()]jli(”ill Syhl(lil  S (l AI OS) Soft\  vill( ]):!(1:
:1[,,  (,. ‘1’11( V+lli(l:lliol, lllili7(Yl  tlI( Nlic)()  l’l(xisioll  III
1(1 f’(lolll(,  t(’l (N}’]) ((,slt)c(l,  :1 p,lollll(lll  awl  f(lll-s(’[11[

lI;Il(l\\;Ir  II II I(MI(’I  of il S] XI(IIKIIII(’  illt(lfoo]ll(tc)”  ‘Yflis
]);l]  )(1 ])1<%(111s  :1 (Ylll)]l:llisoll  () f illl([,,!  ill(>(l  111{,(1[1  ]]) (
(Ii([iolls  \vitll  Ml’] lilllolillol~”  111(’:lwtll(’liI(’lltS,  il)(li(;l(

iIIII, II I;II tfl(  illl(’(’,l:lt(’(1 lll(~(l(litlp, IIIr(lI()(l(Il()fI,y  11:1’;  III(
:1(. (.lll;  1(,  } l(,(lllil(xl 10 (’Yilltlilt(,  ill((,lf(’[(llf[((rj’ lrlissi(]lt

(I(jsip, rls tvitll (x]lllid(’tl(v.

1 IIltl’()(l llcti(lll

S1)2(ILIIOI II( ()]~lical il]t(l  f(’lorll(l(th  ]JI(J\i(l( t  II( (IIIly

f(il~lil,lc 111(111(1(1  (0 si~’,llilicalllly ilIIl)l(lw’ 111(’  all/’,Lll;Il

l(w)lllii(]tl :lt I(l asl I(IIII(,t I ic a(xIIIa(y of CIIII(II1 :I\l I(j

]l(~llli(:ll t(~l(wol)(w Sll(’11 ;1s 111(’  11111)1)1(’ S]l:I(’(’  ‘1’(,1(,
S[()])(, ( l  IS’J’) .  ‘1’llis  ]l:ll[iil  l-:l])Clllll(,  :11)] 11(1:1  (’11 011(’1s  ;1

11111111  )(,1 of ilrl])()][:lll~  ;l(l\’;l  Iltil[’,(’S ()\’(’l  111(’ Il:l(liti(lll:ll
f’1111-;I]I(I  [III(  :I]I]~t(HI(lI  illcllldi!lp,: (’orltf(ll  of sJ’s((Jl(l  -

;Jli( (I IO Is, :1 Si[’, rlifi(”:llllly  li~’,llt(’l  iil~ttlllll(’llt yiol(lill~’,

(11(’ S;1111(’  ])(’lfO1l  [l;  111  C(’,  illl(l  ir[ij]r(jv((l ])olf  ’ollllilll(’(,”  f{}]
;I f,,l V(Sll  illllollllt  of (’(lll( i(’t i l l \ ’ , ;Il (’11. II(m!(’1’(1  , th i s  :Ij I

]Jro:,(li ](,(luit(,s ])osiliotlill” s{al)ili(y  of (q,li(:ll  (,I(III[,IIIS

(I OU’JI  to i 1!(’ II; lllolll(’t(’l  1( ’\’(’l :1~1  N’(’11 :1s I:l\($l  Ill(’t  Iolo[’,\’”
~(w~llj(iolt t[~ t}){ l~icol[)([(] I(Iv(’I  [1 ,  2]. A())i(]’ill[: tlI(s(
(.(l]lt)(]l ;III(I  s(,)lsi]tp, l(yjl)il(,ll)(,llth is IJ:ll(i(illally (lifli -

(’lllt l)(>(’illlS(’  111(’ i]lstllllil(rlt collsis(s  (If lllilll~  (I})ti(’{11

(,lt,IIIt]Ilh  dis(.lil]lltc,(l aci(ws a 10 III fl(xil]lc t][Iss stru(-

tIII(. ‘J’(I f(lt(llcl (w]lljjlic:lt( tlII ])101)1(111,  1}1(  St IU(tLIILI

i s  (x(it((l I)J )Il((ll;llli(al (lislull]iillccs (’lll:illiitill[,,  ])](,

(I(]lllill:il)tly  JIOIII  tlI( at[itu(lc  col)tlol” syst(,III  :I((II:I{(H>.

‘J’11( (’}1:11 [(1  f,,] t}l[ ,1(’t l)lo])l)lsi(~ll  l~ll,(llilt~ll~  lllt(’l -

f(lotll(l(l ‘J’((llllolop,y”  l’lo[’,lillll  i s  10 ]Iliti[,dt(  liSl: fol

this (~l~tic<]li llt(lfcl(]]ll(((l ~ilissic)li  C1:IS [:{]. A  1111111-

1)11 of (J]l[’,oill[’,  coIII1)l(IIII(tIliIIJ  a([i\iti(:  a(l(ll(ss  tlI(Iw
(lI; II 1(,  II} 1,(, s iil(lll(lill~,: illl(~{,,lill(,(l IIl(](l(,lill[,,  111( ’tllo  Clol”

(Ip,y (l(.v(,l(I}  )III(II(  aII(l Vali(l:lti(]ll, II;  ll(iw;l](’  111(  ’llolo[,,y”

t(%tl  I(I(ls,  lIiIl(lir:Il(  Iil,ralioll t(w(l)((ls, +111(1 fii{’,111  IILl:Il-

ifici}t ion of t  }1(’ ill[(,)  f(’1(1111([(’l  ((IIII]I(JII(’lI(S. ‘J’1l(l(l  [,,11
all of III(VW  ;I(tiyiti(,s  ;II( II(Lc(w,iIl~ 10 1111~  (lo!\’11  Illis

sioll  Ii Sk, i t  i~ ilIt(’{I,  talc(l  Ill(j(l(’lilt{;  t}t:lt  Illtillli!t(’l  J’
\vill  II( lIwYl  ill  tll(  l[)issio]i  aII(l  illsll(ltli(tlt (l(si{’,11.

f;l~(, cifi(’:llly,  rrt(d(’litl~, If’ill (,II;IIJI(L (1( ’fil)i(i(]ll alI(l flou”

(I(w: II d sl);](.(,(liifl  /illslI  UIIIC I It 1(’(]llit(’lrl(,ll[s,  l)(ilrol.
111[}11 (’(’ of SJJil(’[-(’l:lfl/illSll  11111(,111  (1(,  si{,, J1 t I ;l(l(,:l,  :111(1  ]~1(~
(Ii(ti(]tl  o f  ill:,tlurll(’llt l)(lr(lllll:lll~(’ ill tll(’ illlti(’i~l:~tc(i

(~1) [)]l)il (li\li)]lmljc(, (~1]}’il(]lllll(,llt, ‘1’llis JI:II)(I illves

tip,; tt(w \\lI(,tll(l 1}1( illt({,,!al(,(l lll(~(l(lil!~’, ll](tllo(ii)lo~,~”

llil~ 1}1(’  ll(,C(’SS;ll~ (’il]):lllility  to 111(’(’t  tll[’:+(’  (l(lllall(lill{’,

illl:llj’hi~  11((’(lh.

1 1 1  :Illti(i]xllioll  of tlI(ss( 11( ’(’(1+, fll(’  IIlt(’[’,1  :It(’(1 hl(Kl-
(]jll[,, of ()]]{;(.ill SyStc]IIS  ( l  AI  OS) :111(1  tllo (~(JIltlOll(’(1

()},(i(s llo(l(lill~, l’a(!i;I:I,( ((oh’] 1 ‘) Sof(u’a,  ( ]),,(ka[,(s

\’:(] (’ d(v(’1(1}1(’(1 :11 J]’], [4, 5]. ‘1’11(’ illt({’,1 ill(’(1  lllo(l(’l-
iIIfI, It I(It!I(I(lol(I  II,\”  ((jll)l)irl(s S(I II C(III:II  lll(xl(lill~,,  w~)t  i(.:11
]Il(](l(,lill[,,, ;ITIII colltl(]l  syht(,lll  (I(+iip,ll  \vitllirl a  Co]  II II Io]I

sof[v{ot( (,llvitol]tll(ll(, llsill~,  tll(’S(’ ]):1(’li;lp,(’S. ‘J(1 (’11-

:11)1(,  Villi(lilti(lll  Oftll(,  111(’t}lo(l(~lop,~,”  i ts  (1( ’V(,lo])Ill(’llt ill-

t(’llti(lllilllj’  Coilicifl(d }Yitll tll( ~Ill:l\c(i d(li\vly (If 111(
IYlict(]  l’l(cisioll IIltclfoolll(tct”  twtl,((l (IV1l’1).

‘1’11(1 I?ll’1 t(:)(lwd i s  a {1,1 (11111  (1-  IJ:IS((I, sIIsl  I(,II(l((l  11:11 (l-
lt’at(,  II I(Mlcl  of a f[tt III(, slmc(  l);Ic+[Y1  illl(,)  f(i(]lll(,t(l  10

(’ill ((l ill  ,11)11  [fi,  ‘(, 8]. ‘1’lIc  l,lilllal} ol)j(c(ivc of tfl(

1(:,11 )(({ is il)t(j,,]atimj of t }]( Yiljl :It iotl :Itt(rlll:lt ic)ll t(Tll -

ll(~lo~’,i(’s 1(’(luil(’(1  to (l(LIII(It Istlat(I tlI(’ cl I(l-t(J  (11(1  ()]1(1-
ilt ion of a  s~IdcQ-lIas(,[l  i~ltcl  r(lolll(}tvl l’i{,,~llc I  slIm\,s

[1 l)il(l’s  (y(’ Yic\\  Of tll(’  l(stl,((l  \\llicll C(llltilillS  :111
S)’ht(VIIS  II(WM:IIy  to II(’I r o t  III a SIHICC  II; IWYI,  o])t ic:ll  -

illi(,ir(lc)l[l(’tl~  III(:LSLII(III(,III, ‘1’II(s( syst(IIIIs it]clll(l( a



; I l l  x “ 1 ’  111 x (i.!!) 111 Sof(ly SUSJ)(V1(I(Y1  tl[lss  S(lll(’1 111(’
mill)  lll(llllllill ~’, ])lilt  (’S fol sIIl)syskIII lIa Id\v:II(,  a  six.

ax is  Viln:liiol} Lvd;llioll Sysl( ’111 wllid I Su])])(n (s a lca C-
tiolI WJIIC(l  :1’iSeIIIl)ly  1(J ~Jt(ni(l(’ a  fli{,,fll-lik(’ ill},llt (lis

t III 11:111  (.( s(IIII  ((,, a colll}ll(,t(” h’li(llcls(~ll illt m f(IOIII(’t(’I

w i t h  llif’,l\-lt:lll(l\vi(ltll ()~)ti(”al  C(lllttol  sys[cl IIs, illtc)llal

tlll(l (’X[ (’I Ilill  111( ’tl(ll(l~,j’  SySt(’Ill  S, alI(l  a S(:lt  sitrllll  atof

tli:]t  i]lj((ts tfl( ‘(s(cl]al” Si{,,llill  into t}l(’ illt(’1 f(>l(llll(t($l

coll(’clitlf’, :1])(’I [111(’s.

l’if J,III(. J : IIil(l’s (y( \ ’ i t \ \  of 111(, Ml ’ ]  ‘J~’s(lJc(l

A I  I itlt (p,! al (>([  111()[1(1 of Ml’] \\iIs (I(wlolw(l ill ~,alal-

1(,1 \villl tlI(’ t(’h(l)((l.  ‘J’flis  lllo(l(lilt  ~’,/ll;  il(l\v:llc  sylI(l~,y
I(ISII1(  (XI ill iI llt]i(lll(’ (~l)l)(~llullit~r to wli(latc t}Ic II I(Kl(Il -

itl{; lII(tlI(J(l(Il(J~I,J’  l)y c(IIIIlml  i!lf’,  II I(I(lcl l)l((li(’tiolls \vitll

t(s(l)(’(1 lII(;Islll(lII(IIls.  of t,l I(L tlll((  f~lll((iofls  l(,(lllil((l
fI(IIII t}l( IIlo(l(lill{’,  lllctll(d{k)~,y (I)elrollll:lll(( l)l((li(-

tioll, l((~llil(]ll(llts (I(firlilioll, alI(l (l(5i{’,11 tla(lm), ~ICl-

f(jIIII:III(X 1)1(’(li(lioli \~a$ itlitia]ly (IWIIIC(I  tlI( IJ]ost cli[-
i(.tll Villillillioll, (1(1(’ to tll(’ :Iwwiat(x] ll:IIIoll I(’((’l-1(’vcl
l)(wilioll:ll st:ll~ility ] ( ( l l l i l ( l [ ] ( ’ i l ls .  As $+UCII,  th is  }):1])(’I

1(’I)L)I  (s \dli(l~lliol) (Jftll(’ illt(p,lal(’(1 IIlo(l(’lill{’, IIl(tllo(l(}l

o~, y I)y cotllll:llillf’, ljl(di(”((~(l :Ill(i 111( ’il~(ll (’(1 }K’if(JllJl:lll(”(’
]ll(t~i(w A1{l IO II{;II  it is II((XV+aIy  10 \alid;lt(’  ~}1( 111(~(1(1-

ill{’,  lII(Itl I(J(l(Jl(lp,y :1s i t  is :Il)l)li(xl t(I \iljl:\li(lll  is(~lillioll
:111(1  lli~,,ll  llilll(l\Vi(llll  (Jl)li(”al  (’l)lltlol,  \’illi(l:ltioll  lll(l~t
l)(,p,i!l fol !11(’ ()]](’11-1()()]), 11:11 Lllllollll t(’(l-( liS(\llllilll(’(” C: I’-(’

(2.(., ),( a(liv(, ol)(i(s 1101 vil)rat  ioIl  iscdatioll).  ‘Yflis
l):I}NI  lII(WIIIIS  111(1  11:11(1111(1111  I((L(I,  OI,(VI-1(1(111 M l ’ ]  illl(-
{,,1;1((,(1  IIlo(l(’1, t}l(’ ]K’lrollllall(’(” Yilli(ltlti(lll  ~Il(l(((lLll(,
:111(I  111(’  v~lli(lilti(lll 1(  ’Slllt  S.

2 1111( ’~.l’dt(  ’(1 Mo(l(’lillp,

ltl(~(l(’litl~’,  i s  II(V f’(~1 111(1(1  with t\vL~  s(~fl\\r:ll(’
llIl(yI,I;It  ((l Nlo(lclillp, (If oj)tic:ll Sys((Ir  Is

:111(1 tlI(~ (;CIIIIIOI1(,(I  oj)tics Nlodclil]  f,, l’il(’li-

‘ )  [h]. II(,tll ]H,(’k+’,(vi  11:,,(  1)(’(1, ,Icv,lo])cd ,,1

tlI(’ ,1(1 l’l(~lllllsiotl lJ:III(Jtat(Ily. lhlo S is a Wt of fill I(-

ti(j]l\ tll:ii 11111  witl}ill t}I(  N! A’I’IAII (Sllviloll}ll(llt [ 9 ] ,

\\l  I(I(Las Cohn) is a S(:III(l-HI(IIIC,  l’oli’I’l {A N-c(~]lil)il(’(1

}II(Ip,I;IIII.  A  ~()]ll)ll~l~ii[l vclsiorl (J (~ohll”  is a\’:~il:llJc
1111(1 (,1 tlIc 11:1111(’ N4A(~OS  (hl(d(,lill~, aII(l AI IalysIs of

(kllltlollc(l ol)li(:ll SystclIIs).

IAIOS i s  :! collcctio]l Of NIA’l’l)A1) 111- fil(s tllilt  ctl~l
}1( IIS(Y1 to lI(Vf(JI III stluctlllal fillitc (,lrIII(IIl  lll(](l(lill~’,

alI(l al}alysis,  o~)tical  ]ay tlacill{’,, all[l  t)l(Il Jl 1211  a]lalys  is.

IAIOS :11s(1  Jll(J\’i(l($ ~,lal~l!i(s full((iotlality 1}1:1( (llill,l(S

vicv;illp,  of stl uctulal p,(’(Hlt(’t Iif’sj S[t 11(’1~1~~)1  (l~fol Jll~j-

tiolls, ol)ti(:ll Iay tI a(cs , alI(l Ol]t ical (11( ’111( ’lit }~1(’sclil)

tiotls. ‘J’tl( COIC ~)I(I~I,IaIIIS aI(I (asily cOU]II(K1  ill MArJ’-

LAl!, alId cal  I lIc (,x((II(I(I(l  lIy tlIc I]SCI I)y \\li(il)f!, IIis

o\vII  NIA’J’I  ,Al) futic[iolls. MA’]’] Al) t(mllwxcs fol col  I-

tl(ll S~S[(’111  d(+i{,,il  illl(l all;llysis, Si~,llill  IIlo((willf,,,  :111(1

(Il)tilllimti(nl  ale  ;iv~lilal)l(,  for  (Jllllall(ill{’} tlI(I (:i}]:il)ility
of Ih’fo S. 1 )Ct,; iil(,(l  o))tical  :111(1 III(,IIII:L1  ;Illalysis al (, :1(”-

mlIIIII()(latc(l ill lMOS Iy illt(lfac(s wittl (~oh~l’, 2111(1
‘J’IMSYS :111(1  SINI)A (f(~l tlI(LIIII:Il iill:]l~sis).  ‘~’}I(L  illtcl-

fil((’  \vi(ll (loh!l” lI:IS t)~(]l III;I(I( (floI  [I(ss l~y  (“t(:ltill~,
:1 Xl fi’i’lj,lll  Irtcxfil(’  vclsioll of hlA(; OS. ‘J’JI( ~(,slllt  i s

:;II (’x( I(’111(’ly fl(, xil]l(, t(I(Il t} ItIt  (111:11)1(+  tlI(’ II S(LI to ill-

t(f’,lat( lII(xl(:ls  fIOIII (Ii fl(v(vlt (Iiscil)lill(s alI(l C(III(lIIC(

:Itl;llysis, (Imir,ll, aIId o]~(illlimtioll tIII(lcs t]]at would
(It\I(,I  \\ris(  lx Cxc(x(lil)f’,ly  (lifli(\llt  [1].

(~ohl}” i s  :111 ()]lti(”ill al!alysis  illl(l ll)()(l(lill~,,  l)l(lf’,1:~111,
l,lo\ri(lil[~, ~,(olII(,ll  ic l:ly-tl:l(’(’, (lifl(’1  clllial I ;Ly-tla(Vl

:ITI(I (lifll:i(.li(}ll lllo(l(,lill~,, cal]:ll]ility. (: OIVII”  (’(lllc(’ll -
t  lill(,S  (JII  }~l(l\’i(lill~, (l(tailcd o})tical IIIcI(l(ls  fol illt(
[,,1 tit(,(l (I(si{’,11 illl(l  allolyhis 1:1  S1:S.  111  1):11  (i(”lllill ,  tll(’

(Ii fi(,)(,lli iill l:iy tld(’($  (“:l]lilllilit~ of (;OMI” (’;111  IW 11 S(’(1

10 ~,(’11(’lilt(’  lill(:ll ~Wl (Illlmti(ltl lllo(l(’1~  of (Jl)t ic; ll s~’s
1(’111s [5].

3 M l ’ ]  lllt(!~l”atd M{)(lcl

‘J’11( hll’1 illi(~,l;](((l II I(XICI ((~llsists of :1 sttt](”((iral fi
l]ile (,lolll(’llt 1110( 1(,1 :111(1  il lil](,;!l ol)ti (’ill 111(~  (1(,1 t}l;lt  :11(,
illt({,,l  :lt~(l  t(~f,,ct,fl(,l ‘J’]](  S(1 11(’t Ill ill 1110(1(}1 is p,(’11(’l  +lt (’(1

\vi(ll  IIIIOS, W11(7C:I? I)(lt}l lhlo S :111(1 (~oh’11”  alc 11s(’(1

to ct(atc tll( ()~~lical 111() (1( ’I. ‘I’l  Ic illt(’{’,lali(lll tIII(l tlIIal-
y~is at(,  lI(If(IIIII(d ill hl,$rl’J,;lll \\itfl tllc ai(l of liVOS

fllrl((i(~lls.

3 . 1  Stlllctllltll  M()(l(’]
‘[ ’II(I s(tu(t~llal II I(J(ICI is Sl)(xifi((l ill ILIOS il% a fil]itv

CI(III(IIII  ~’,(orll(tly,  slI(J\v  II ill l’i{’,ul( ?. ‘J’llis F,(mrtl(’tly

c(]llsists of l)l:lt(~,  1)(,:1111, t. I Ilss, alI(l I ip, i(t I)(l(ly cl(’lrl(’llt$,

Ill(xl(,lill{,, tll( II:IWL IIIIS>  S(III(,  tLII(S :111(1  tll(,  C(IIII1XJTI(II(S.
‘J’]!( 1);1<( tl(l$s  S[l U(tl  Il(’ is 111;)(1(,  1}]) of t)llc( 1 ) 0 0 1 [ 1 s :

t}I[ II()] i7(]llt:il ol)ti(s 1)(1(1111, 11[(’ V(’1 [i(’ill ((l\\’(’l , :111(1 tll(’

(atlt( ’(1 IrI(tI(Il(yI,y t)(m[l. ‘J’11( coIII~I(JII(IIts c(nlsis(  of ill-
1)(1:11(1 :111(1 oLItlmaTd  o~~tics IJlatcs,  a (Iis(lllll:!llc( lII(IlllIt

l)l;itc, t w o  si(lcr(x+tat  ]IIoIll  Its, aII  ()])tics  C;I1  ( colltililliil~,



illl a(.tiw’  (1(’lay lil](,, 111(’  o~jtics  (’01 t  Sll))]ml  L St.1 U(”tlll(,,
a  lI(IX:I])O(I  is(,l;]tioll SySt  CIII,  a ~J;lssi\’c  (lclay lillc, alId

aII (’s1(’1 11:11  II I(’1 lf)lof,y 1)(’:1111 1:11111 (’11(11 j)l:lt(’. ‘1’11(> fillit(
(,1( ’lll(,llt Ill(l(l(’l 11s(’s 2,!57; (1( ’p,lws (If fl(’(’(lolll  ((l(If) of

\vlli(ll 1 , 8 3 7  (Iofs  alc iII(lcl)(,II(lcIIt \vitll IcsIIcct  to tlI(I

l[l(llti-}~oill~ c(nlstlail]k (~11’~k) of tlt(’ li~,i(l lI(I(ly (’1(
111( ’111s (1{111:s) [4].

uII(7C d,, aI(’ (11(’ itl(l(l~x,]l(l(v)t (l(J~, I(YIs of fr(dmrl aII(l
d,,, ale tllc (1(  ’1)(  ’11(1 [ ’111 (k’p,lws  of fl(wlo]ll.  ‘J’ll(w  (. Oil-

stIai IIts aIc tllcll all~]li(d to lkluatioll 1 ,  ldu(itl~, tlIc

sI:II(I of t,l I(, syst(III to tlI(,  it](l(qwll(l(llt (1(~{’,Iccs  of fl(v
(10111:

67’  AI  G(?,,  -j (;~’li’(;d,,  , (i’7’lijj

Af,,,,  (l [ I<,,,, (I z li,,~j (3)

l’iip,llrc 2: M l ’ ]  l’illitc llCIIICIIt (;cwIIIctIy  (coIII]JaIc  \vil  Ii
l’i{,,(ll(  1 )

Sillc(  111(,  focus  of this cflo] t is to vali(late tfIc  i]ltcp,latcd
]Ilo(i(lillf}, ?I{(’//I(~{l(~lfJj/)/)  it is i]]]}]()~ (arlt  to lI;IVC  a stI uc

tut al IIICJ(I(l \villl a(’(”ll]at( ~IlolwI (i(’s.  I f  t)lis i]Ij)l]l to
111(, illl(~,l  iit(’(1 IIlo(lclillf, 111(’tllo(lolop,)’  is ill(()] ICct, tll(’11

1}1( \vlli(l:ll i(]tl 1( ’s1111s v(nll(] I)(’ lIool, l(p,a! (Il(w of III(

:1( ’(. LII :I(y of tllc ]11(~(1(’lill~, II I(J1 lI(Kl(dcJII,J’. }’oI this I (,x-wII,
tll( ]Jl:lt(’ ;111(1  1)( ’:11!1 l,l(]l)clti(s :1s W’c’]1  ilS  tll(’  fillitc (’1(’
]Il(vlt ~,(olIl(d  l}’  ils(’lf IIaw’ IJ(L(II 1(’fill(’(1 I)y ill(()] II(llat ill(’,
M1’1  IIlo(lill t(’sl (I:lt:l illlo tll($  Illo(l(’1.  ‘1’11(’  S(1 Ll(’tlll<ll

II I(M1(’I  liJIcl:lt  irif:  iIas 11(’(’11 d(jlIc  ill  tiiv ])} I:IW+l f o l l o w .

itl~), tlI(, l) II:Iw1 (l(*li\rtlj’ of tlIC hll’1 tcst})(d. ‘J’ll(> filst
lJl12w, ill\’(]l\r(’(1  (slilll:lti]]fl,  tll( l)nl:IIII(,t(vs  of tllc lwa IIIs
colril]lisill~!,  tlI( lmsc 11(1ss  SLIUC(III(’ fl(ull  II I(Klal  t(’still~,
])(,] fot 111(,(1  011  t]I(’ Iml(’  t] LISS  [](], ] ]]. ‘J’f I(’ S(,(’0]1(1  ])]I:IWS
ii]\’(Jv(,(l p,(’olll(,t]y ]Ilo(lifi(,ati(jll  allcl ])alalII(,t(,l  (’St  ililii  -

t  ion of tll(’ (ll)ti(s c;Il  1 suj)})ol ( sll Il(lu Ic, usill{’,  27L sill)

COIII]l  OII(’111”  1110(1;11  t(’Sl  (Iill;(  [12,  l:+].

I’1(1111  tll( fil]it( (l(vII(LIIt  ~,((JIII(tIy  2111(1  i t s  aw)ciat((]
~jlo})(,t[i(,s  tlIc Sys{clll 111:1ss  illl(l  sti[lllcss ][]alli(cs :11(’
l,~lilt.  ‘J’11( 1(’s[llt  is a SCCOII(I-OI(lCI , slat(’ SJMW (I(wI ill

tiofl (If III( fotll]:

\vII(JI(, Al <I II(I I\” :1](’ tl](~ s~st~ll] II I:ISS :ITI(I s(iflllcss ]])ii  -

tt ic(s.  ( 1  i s  tlI(  11()(1:11  stal(,  j i s  a WL(lOI  of  folc(  itl~)(]t,
:111(1 I/f i s  i}I(~ f(~lc(, illfl(l(,llcc lll:t(Iis.

Af(w tlI( syst(III  II IiISS  aII(l s[iflllcss IIlatli(w :IIC l)tlilt,

IJ]lll(i-lwilll (wllsttaitlts :11(’ p,cllclat((l llsirl~’, 1{1111 (11(1-

III(IIIS.  ‘J’II(w  c(]lls(t:lirlts  titl~( tll(  fo]Ill of [ 4 ] :

I d), -

J1 “
(1 , 11 d,, ~ (;d),

d,,, ‘ (;7,(
[7)

‘1’11( (i~’,clls(]l(lliofl of ll(lllillioll 3  i s  foIIII(l,  yicl(lillp,

fi(xilllc-l](](ly II IO(ICS aIId II I()(l(s]Ia])(s.  ‘J’11(’ ~csultallt
{ii;l~’,oll:lli7(>(l  sj’s((’111 is:

vJIIcIc  7/ is tll(, lII(I(lal stat(~ I’cctol, ~ is a diilp,ol]~l  II  IOd:ll

(I:ll)l],ill[,,  IIlatlix, f) is tll( dia~’,(nl;ll  II I()(lal fl(qllcll(y
IIlat ]ix, aII(l d’7, is tlIc ci~,(vlwcto]  ]I]at I ix. Z is fo] 111(  ’(1
})y ;l%lllllill~,  i !  Jllo(]:l)  (]illll]lill~,  of ().?IXI f(ll  fl(’Xil,](!  k)()(]J’

II I(~(l(Is  almv(,  3? 117  aiI(l  (lalll])ill~,  l:lrl[’,illp,  flolll  ( ) . 1  5(X1

to ().4:)%  fol 1110(1(’s 1)(’l[)u’  32 }17. ‘J’II(w d:lllll)illf, val-
11(’s C(III(%JKJII(I to CStilllill(’S  ol]tilill(’(1 flolll tll(’ S(’(’011(1
})}1;1s( of IIlo(lill t(’sts.

3.2 oJ)tical  N4CI[I(!1
‘TII(: O]]tical  I(I(KIC1 Iw{;ills 1{’it}l a Sl]((ific:llio]l of tl}(’
(J})t ical  ])]csct  i])tio]l. ‘1’llis })]cs(Iil)tioll ill(ll](lcs tll(
sII:II)(S, ]Iositi(l]]s ,  :111(1  (lli(’lltati(~]ls  of I})(, o]]t ical  cl(l-
II ICIIIS. A I<Iy tIa(v of t II(’ ()~)tic;ll  lII(,SCI il)tioll is slImvJI
ill l’i[,,ulc 3 .  ‘J’llis  o])ti(:ll  ])](w]i])iio]l  i s  p,(I]IcIat(L(l  ill
Jh40S lIa’+(d  011 t  lIc JIlcwl i})ti(lll  of tlI( :1(( (lal ol)ti(al
(, I(III(,IIIs  of M l ’ ]  (SL’(J  1 ‘i{,,(lrc’  ,~). ‘J’11(  II I(xI(,l  p,(vl(’I:I-

tic)li  11s(s  t}lc S(I uct u]al fillitc  el(>III(tIt  {~(olltct  ~~’ ill  oJ(lc)

t o  silllj}lify tflc l]l(wlil~tioll (I(fillitioll alId to cas( tlI(’
stl(ccdill~,, s(t ~lc(lll;~l-c]})tic:ll  III(J(I(l illt(~,tdt i(]li. ‘1’flis

;Illo\vs 1}1( l(jcatioll of L}I(  a(t(!al ol)ti(.al (’l(,IIIcIIts  to

I)c II I(dsuIc(l willl Imlxxt t o  l(f(t(’tl(c ~)oillts olI ttic
stI [I(,tlll(, as (III)xwxl to \\ ’it}) (,ac}I ()(} 1(,1  1’111 (11(~1 111(11(’,

St 1 U(’((lli(l  II()(lcs  t,llat (’011  (’S])  OJI(]”  to o})ti(.al (’1(’ 111(’llt  at-

l:lc}ir[l(rlt  JIoirlts arc easily idctllifi(’(1 01 {I(fittw].

OIIC( tlI( ol)ticnl I)I(W1  il]ti(llis al(’  sl)((ific(l, tll(’y al(
cx})m  1(  ’ (1  L(I Coh41), \vlI(’1( lill(,al  ()])t ical  ]II(I(l(,ls  ar(’
Clc;ltc(l. ‘J’11(’sc lillcal  JIIO(]CIS  alr  (’al(’lllatc(l  t)}  ]lN-

follllillp, 8TI allal-ytic difl(t(Iltial lay tla(( [5]. ‘J’llc lCsUlt

i s  a II I(Id(l of tlIv  follll:

y ~ (;(,l,, d (!!))

\vl I(’1(  d i s  a  Y(ctol  o f  ()~]tical  clclll(’llt ~)(~sit  ion alI(l oli -

(L)lt:[tioll  l](ll~lltj:lti(~rls,  ?/ i s  a v(,c1OI  of (~])tic:il ol]tlJut,
:IIId (,’{,],1 i s  (11(’  ()])ti(, al S(’]lsitivitj’ llliltli  X. ‘I’l Ic o]lti-

(’:)1  0111}  )111 (’:111  })(, ])ailll(’ll~,  ill, \ri\v(flo]lt  t i l t ,  OI sl)ot

]Il(ltiorl.



.

]“i~:llw 3: liay tIaw of tlic hil’1 oj)tical  l)lcsclilltioll or, t},  c
fillitc  (,1(,111(>11(  p,col  II(It Iy of tllc  ol, tics  1,00111.

l“i~llrc  4: A~t\li)l  o~,tical  layout  ()], tllc M l ’ ]  ol)ticti  I)oo],,.

follll il St I \l(’t 111  :ll(JIJtiC:il  ]Ilod(’1.  ‘J’llis illtc~,l:itd II1O(I(I

i s  s)wcifi(d ill filsl-(~1(1(’l , st,ilt  C.sJ1~l(’(’  fI(,lll, l(vi(li!lf, it-

s(,lf  III(M( (,:lsily to a n a l y s i s  \\Tit II Cxist,illp,  h4A’1’l  All

f\lllcli(lll:l.  III lmllic(llal, tll(’  St iltC-SIl~~L’(’  illl (’f’,1  ilt C(1

lII(d(’1 (“alI  II(’ 11s(’(1  fol ftcc](’llllcy-clc)lll:litl  arlal!sis, tirlt(

(Ioljl;lilj  :Iilllllliltiorl, all(l (.l(KW(I-1(1()})  Sylltll(%is.

l’ilsl, tlI( s(ILI(tu ItIl 111() (1(>1  i s  tlurlcat(d to l(rllo\r(’

lII(xl(’s  al)ov(”  11)(  I):lrl(l\\’i(lttl of ml)wt(’(1 distul lml I(x+
(i.  {.,  ill)()\(  9(10 117, ) [1’1, 15]. ‘J’11( t] [Irl(at((l I~Io(l:Il

]11()(1(1  is ttlcrl C(IIIvet  M into filst-(n(l(’] ,  S t a t e - s l m c ( :

f(,l  III lIy Llsill{,  tll( slll)sti(utiorl [ 4 ] :

(6)

l{(v+llltill~’, irl:

\vitll:

l’ill:llly,  {II( liti(ill oj)ti(;ll II Io(l(Il  i s  ill((]l}]())at((l irl(()

tll(’ first.()) d(l I]lo(l(l. ‘Tlic ()~)tical Olltj)llt  i s  ol)taill((l

lIy }Jr(tllllltil)lyillp,  d  l)y tll(  o]~tical  smlsitivity ]Ilalrix,
(~c,),~. lrl this CO’+( til( Iliattix C; of tl!( rll(:lslll(tll(rlt

(~(lll:lti(]ll (~f’ 1 klll:liiorl 7 I)(lmll(w:

Not(” ttI:ll tlI(I lilatlix  1) o f  lk]llalioll ‘/ i s  slill 7CI0 t)llt

l)ou” l]:i~ (lifl(,](~l)l tlirll(~lisioll.

4  M l ’ ]  A4(’:lslIlcl ll(!llts

‘J’11(’ hfl’1 t (sttxd is (Icdicat (!d t o LII( (l(v(l(~})lll(llt alI(l

cvaluatio]l o f  vi})] atio]l atkrluat ion twllllolop,ics. lrl

}Ialt, t}iis c\wluatioIl cmlsis(s of ol)sclvirl~,  tlIc illlJ)ro\w

Illcrlt irl illtc!fcl(~lllcte]  IwIfollllarl(Y, duc to tli( a~)l~li-

Cat ior]  of tll(’ w] ious t(:cl)rlolq,ies. ]rlt(v f(’1 (Jrll($tol IMV -
forIrl/iric(>  i s  l)lir~ittlily dcf,I;Id(Yl })~ \’ati:]tiort irl ol)tical

lmt}kl(,tlp,(ll (Iifl(v(llce (01 ’1) ) ,  z.c., tlIC (Ii fl(r(rlc( ill ttl(’

{Iistallccs that tll(’ light tlave]s fro)ll tll(’ Sk’llal solll cc,

tllloup,fl wiclI arjll of tllc irlt(!]fcrolllctcl to LIIC irltclfol-
cIIcc  oj~tical  (Ic’twtm. This (lifl(’rcrl(:c IIlllst Iw stat] i-

limd to tllc I(I Ilt(l (l{ N’IS) ICY(’I ill t,}l(’ orl-or I]it llI(x}Ial I-
ical distrll lmIIce wlvir Ollrllcllt [?].

lrl corltrast to (s{irllalirl~, lII(dal clIal a(.kl istics a s

ill [ 1 2 ,  1 3 ] ,  (Iistutlmll(. c illl)llt to st(>]lal  01’1) olltllllt

tl:lrtsf(’1 f(frictiolm Mvrc  Il)c:lsur(d sirlcc III(’Y (w~ll])lrt(’ly

cll:ll:lctcliw (ill a lillcal s(lIsr) tll( l)Ioim[,atioll of (Iis

t (Illmll(”(s to 01’1). l’i~,ulc 5 SIIOVW tll( (list ur Imrlce ir)-
lIIIt localiorl  relatitw to L}IC  0 1 ’ 1 )  (Iutl)llt  ]ocatio~]  f(]l

tl[c N1l’1 t(sttml. ‘J’llis distllrlmll(.e trarlsf(r fullctiol]

Iva< rII(:wu I(Yl fol t}itw folc(: dis[ul}xlrl((’ dircclim]s:

( x ,  y, ~). AII 1 1 1 ’  data aIIalym \\J:IS 1 1  S(’(] to (ollcct
tll( (Iatn. A  1 0  h’ sllalwr  , ]Iloutlte(l  a t  tllc  lm<c of t,ll(

l(J\i’cr,  a])l]li(’(1  tlIv  folcc illl]\rt ill wIclI of tllc tlllec dirw-
1 iorls,  ‘J’l Ic fol cc irl})llt was  IIIC21SIII((1 \vi(ll ;I 1021(1  cell

II]oullt(’(1 Iwtv.w’rl tlI(’ slIak(,I  arid 111(> str  ( r e t  urc. ‘J’}1(’
;III:Ily7,(,  I c a l c u l a t e d  tllc tl{\Ilsfcl  f{lllc(ior) flol)l fol<’c  irl -

J)lII  to 01 ’1)  mlt])llt,.

\
F NINCi[ i INI’UI
ULIECTOFI [)1s1 LIF{FIANCE
C)ul},ul Solll{(’[

l“i~tlrc  b: I)(,(atiolis  of distut},allc(  i]!~mt  illl(l  01’1 ) (Iut JIll(
(Ill tll(,  N1l’1 tcstll(’(1.

5 (Io]ll])aliso]l hfl{:iric aIId l{cslIlts

111 p,cll(lat or) sjIa((-l)asd itlt(lfcroll](tcls, IIlwllal)ical

(Iisturljallc(’s \\rill Iw citllcl IJroadljatld OI Iiallou’lmrl(]

with tll(’ ctl(,lp,?’ wilyill~, ()\Tl lIloa(l fl(’(1~1(’llcy  Ial I~,r$

a s  a  full([iorl of tirll( [ 1 4 ,  15]. III (itll(v (:IW’,  ttl(
l,()\Y(II sl)(,(.(tal (l(llsity of tll(, disl III 11:111 ((,  is l)l(m(ilmll(l.

‘l’fl(’lrforo tll(’ irll(~,latc(l 111() (1(’I slIolIl(l })(’ a((IIlalc irl
:1 IJI(MI(III:III(I  s(,rls(,, Llo]p s~)c(’ifically, \vc dcsile 0,),,,/ tO
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]“iKIIIT 8: 1 ‘I(dict(d aIId II ICaSUI  c d  M l ’ ]  distut  lMIICC to. .
01’1) t]iillsfcr  fullctioll:  7-axis fmcc i]l]~ot.

[

l)isttlrlmllc{,

111[)  [11

x-axis
I“OICC

[

y-axis
1“01 cc

z-axis
}’01 (’(,

Irwasu t d

j,ltdicl{,(l

factol

Il)t’aslll  (d

l)t(,(lic~sd

facto!

ll)(~asllrt’d

j)lcdiclc(l

faclol

4  10)[,

997

GM
0.67

1,313
864
().66

185
177
0.95

(

1(I  100  11?

541

1 ,025

1 .89

360

521

:1.45

346
~{)]

1.7’1

100  - 5CI0  }1”

70
21

0.30

(j:)

2 3

().34

50

44

o.fs8

4 !7(10  H>

1,137
1,223
1.08

1,363
1,009
0. Yd

5’95
618
1.56

[4, !)()()] IIz.  ‘1’llis  is c(]IrlfOltallly  twtk] tltaJl  tl)(’ (Icsiwd
factw O f  two.  lhrtlI(l lIImc,  c(JIIIlml  is(n)s  of tlIc Ilwtlic

a])] ]lic(l  (nw (wclI  dtwdc  ill  tlIP fl (K]u(Y Icy  IaIIp,c  slI(m’
. .

al)  :If’(  ’111 a[’y 10 M’lt’11]11  a factm o f  t i l l  (’(!. ‘J’llis i]ldicatcs
t}lat ~wcfu  II IaIICC ])1 dicti Oils fo] cdmcd hI Oa(ll IaII(l ill-
])llt, Sllolll(l  a lso  1)(’ acc(llat[’.

llOwcvcI  , t IIis study oIIly a(l(lI(xd tjllc lIaI (lII~(NIIIW(l-
(lisl Illlm]Ic(’, [)11(  ’11-  ]oOJ)-  C()]lb  0] COllfiF>Ul :ltiOI1. 01 I p,()-
illp, a(’tivili(’s  il](l~ld(’  wilidatiml  c)f t~Ic II ICt}IOdO]OKY’  for’
v:ll ious  cl(Isc(l-l(JOJJ COllfif,  [ll ati Olfs, iltclusimi Of distl]r -
l)al  Icc tolqllc  trallsfc] fullctic]rls  ill tll(’ valid  atiml, alId
asscssl[l(vlt,  c]f t}l(’ s(, ]lsitivity Of tlIcs(’  Icsults tO t,liv ac-
Culacy  of tll(’ S(I Ilf’t 111:11 1110( 1( ’1.

[2] hf. SIIao  al, d 1).  hl.  \Volf, “Oxl>itirlg,  Stcllal lrLtelfc,lortl-
r’tcl  ,“ }’Iocecdillp,s  c)f t}l(,  Si’lt: Syrlllmsiurl[  011 011/A  cIosI~acc,
Scictlce  and Scllsirlp,,  ~:ol]fcre]lcc  OII S~Jacetwr!w  ll\Wrfcloril(,tIy,
V(II  2447, 1>11. 2’28- 239, OIlar  Id C), 1~1,,  Al,lil  lflo!~.
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l’, xiiil, it, AlAA WI 950825, l{NIO,  N\’, JaIIUaTJ  ]995.
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